WORLD INTELLECTUAL PROPERTY ORGANIZATION 
faMCfnationat Bureau 




PGT 

INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCO 



(51) Intenadonal Patent dasslflcatkm ^ t 
HOIL 21/DO 



Al 



(11) International PiiblkatioQ Nnnber: WO 99/18603 

(43) International PfetMcation Date: 15 Apn1 1999 (15j04.99) 



(21) imemational Application 

(22) International Filing Date: 



PCT/US98ai386 
8 October 1998 (qS.10.98) 



(30) Priority Data: 
Oa/946^22 
09m2.4S3 



8 October 1997 (08.10.97) US 
20 May 1998 (20^5.98) US 



(71) An>licant: APPLIED KOMATSU TECHNOL0(>Y. INC. 
(USAJSl; 30S0 Bowen Avenue, Santa Clara. OA 9S0S4 

(US). 



(81) Designated States: IP. KR. European patent (AT, BE, CH. CY, 
DE, DK, ES, n. FR. GB. GR. IE. IT. LU. MC. NL. PT, 

SB). 



Published 

Wish inScmational search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the evens of the receipt of 
amendments. 



(72) Inventors: WHITE. John. M4 2811 C:oIony View Place. 
H^waid. CA 94541 (US). CONNER. HdbaU B4 1135 
Blacldield Way. l4otintata View, CA 94040 (US). LAW. 
Kam. S4 461 Riviera Drive. Union Oty. CA 94587 (US). 
TURNER, Norman. L.; 504 Bay Drive, Veto Beadi, FL 
32963 (US). LEE. WQUam. T4 5748 Hl^ihblufr Tcnace. 
Pkasanum, CA 94588 (US). KURITA, Shuitdu: 3532 
RolliQgside Drive. San Jose, CA 95148 (US). 

(74) AgenL- EGAN, WiUtan. J.. IB; Fish A Richanlson PXX Suite 
100, 2200 Sand Wn Road. Menio Paric, CA 94025 (US). 



(54)Tttle: MODULAR SUBSTOATE PROCESSING SYSTEM 




(57) Abstract 

The invention provides an appaiatus and method for pedbrming a process on a substrate. At least two types of structures may be 
used to provide a flow path for a substrate so diat the substrate aiay be moved from one imcessing or loadoig position to anodier. The first 
IS a conveyor. The second is a track. The flow padi may be a closed continuous loop. Each processh^ island has a vah/c for introduction 
and extraction of die substrate into and out of an interior of die island. The proceniog island may include load locks and may faidode 
In conjunction therewidi an faispcctton station, a CVD chandia; a PBCVD diamber, a PVD ctenber. a post-anneal duunber. a deanfaig 
diamlxr, a descununing cliamber, an etch diamber, or a oomfaiution of sudi f**^Tn!w*T 
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MODULAR SUBSTRATE PROCESSING SYSTEM 

RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. Patent Application Serial 
5 No. 08/946.922, entitled MODULAR CLUSTER PROCESSING SYSTEM, filed 
October 8. 1997. 

The present an;>licalion is also related to the following U.S. patent 
iqsplications wfaidi are being filed concurrently with this plication: (1) "Method 
and Apparatus for Substrate Transfer and Processing" [attorney docket 
10 2S19/US/AKT (05542/235001)]; (2) "Multi*Function Chamber For A Substrate 
Processing System," [attorney docket 2712/US/AKT (05542/268001)]; (3) "An 
Automated Substrate Processing System," [attorney docket 2429/US/AKT 
(05542/245001)]; (4) "Substrate Transfer Shuttle Having a Magnetic Drive," 
[attorney docket 2638/US/AKT (05542/264001)]; (5) "Substrate Transfer Shultle," 
15 [attorney docket 2688/US/AKT (05542/265001)]; (6) "In-Situ Substrate Transfer 
Shuttle." [attorney docket 2703/US/AKT (05542/266001)]; and (7) "Isolation 
Valves'*, [attorney docket 2157/US/AKT (05542/226001)]. 

The foregoing patent applications, which are assigned to the assignee of the 
present application, are incorporated herdn by reference in their entirety. 

20 

BACKGROUND 

The invention relates to substrate proces^ng, and more particularly, to the 
handling of substrates in and around "processing islands^, which may include just a 
processing chamber, a processing chamber with load locks, or a set of processing 

25 chambers with or without load locks. 

Most semiconductor processes are automated. For example, automatic 
temperature controllers are used to heat a substrate to a predetermined temperature 
for a predetermined period of time as dictated by a process-control computer. Most 
processes are nm by such a computer according to a *^ipe^ input by an operator. 

30 One level f automation involves the loading and unloading of substrates. 

A cassette of typically 20 to 25 substrates is often used for such operations. Some 
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process equipment employs a buffer storage capability for cassettes to increase 
efficiency by alv«iys having fresh substrates available for processing and a place to 
unload processed substrates. Automatic gMided vehicles CAGV-s) may al^ 

in this type of automation. AGVs travel along the aisles of a production hne and 
5 dispense cassettes of substrates as required. This technique is useful for production 
lines in which the equipment is organize! in rows. Besides AGVs. overhead nuls 
may also be employed to transport cassettes of substrates. 

Another level of automation employs sequential performance of specific 
processing steps. Such processing steps may involve separate processing machines 
or stations in an assembly line-like setting. "Clustering" combines two or more 
process steps in a single unit by using more titan one process chamber surrounding 
a central loading chamber having a loading robot. Two or more sequenual 
processes performed in a cluster system are referred to as "integrated processes". 
For example, a substrate may be placed in one process chamber for etchmg. a 
second process d«mber for cleaning, and a tiiird process chamber for metal 
deposition, austering also allows improved tiuoughput by parallel processing 
multiple wafers in a single process step. 

An improved cluster system is shown in FIG. 1. This system 20 includes a 

vacuum robot 22 in a chamber surrounded by P«>cessing chambers 24 A.24D. load 
lock cooling chambers 26A and 26B. and heating chamber 28. The chambers 26 A. 
06B and 28 each contain a substrate cassette for holding a plurality of substrates. 
Substrates may be delivered to or removed from tiu: chambers 26A and 26B 
Specifically, the substrates may be exchanged for substrates in a plurality of 
cassettes 30 by an atmospheric exchange system 32. 

The glass substrates can have dimensions, for example, of 550 mm by 650 
mm The trend is toward even larger substrate sizes, such as 650 mm by 830 mm 

and larger, to allow more displays to be formed on tiie substrate or to allow larger 
displays to be produced. The larger sizes place even greater demands on tiie 
capabilities of the processing systems. 
30 To fadlitaie clustering, robotic systems have been used to transfer substrates 

from one processing station to another. Because of the high cost of robotics, 
including tiieir associated comrols and progiammiilg. one robot is often u«^ 
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service a number of machines. Although such use is flexible, allowing 
accommodations to different or changing phydcal environments or processes, the 
robots are still expen^ve to acquire. They represent a single failure point which 
can affect an entire processing system. Although robots can be used to service a 
S number of stations, they must service those stations sequentially, thus limiting the 
efficient use of the stations. 

Yet another level of automation iis providing for two or more sequential 
process steps in a single process chamber. This desirably eliminates an unloading 
and loading step, increadng cleanliness and throughput For vacuum processes, time 

10 and cleanliness are favoraUy affected when more than one process can be 
performed with only one pimq>-down of a chamber. 

Drawbacks of clustering include a greater reliance on interlocks, electronics, 
and software than is required for individual tools. Downtime also affects a larger 
part of the production capacity than is trae for individual tools. In some cases, 

IS preferred cluster modules can only be siq[>plied by diffonent vendors, leading to 
difliculties in compatiUlity. 

Even worse, the addition of a cluster tool in a factory requires a larger 
incremental factoiy size due to the floor space required for several process 
chambers. In other words, the minimum incremental factory size is larger for a 

20 cluster tool than for a single process chamber. Accordingly, cluster tools are 

cunently arranged in a *^job shop^ configuration where all the process chambers 
perform the same or similar processes. Such a configuration is acceptable from a 
cost standpoint, but is practical only in large increments of factory capacity. A 
^mini-fab^ factory configuration is not suitable for cluster tools because of the large 

2S incremental capacity of multi-diamber cluster tools. 

A further drawback of cluster tools is a potentially inefficient matching of 
"TACT" times. The TACT" time is die total actual cycle time and refers to the 
time period between the introduction of the substrate into the process system and 
its subsequent removal from the system. The TACT times of the various pieces of 

30 process equipment must substantially match in order for the factory to operate in an 
efficient serial sequence. As the mismatch in TACT times increases, the nimiber of 
substrates required to keep the factory running likewise increases, along with the 
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^ .f p»U«.. TACT toes of dua- ».b «e .«s co«.ff«Uvd, ma«hed .o 
increments. 

SUMMARY 

The invcnuon provide a. app-.- -""hod for p^fonnu,^^ 
„asuL«e. A. of be used «.p«.v*. now ^ 

r.:^. . d. u« . ^.ved ^ o« p-j*^ -7 

p„^„«*er.Thef.cs,isaconve,«. The ^ccd » . ««1c. Tl- How 

10 pah may be » «losed continuous loop. 

,„«««»veyor,ys«n.asubs«a»«nsfe,n,ech,«««.«P»v**» 

«^ «.e«*s««. fi»m *e conveyor and .0 place anoU-er subs««e«. d« 
IZTI^ ..as. reprocessing island is adjacent UK flow pad.. Thec^n^ 
«^ <^"^ hoUing ..menu s«K as P..-S. The ^ 

Zsf:™.ch«*n.~yb..«*«--««-''«--»-;'^^ 

- ^ ™>« 4e subslratt to and ftom the conveyor u> die island. 
"^"h^ isund has a. .east »e valve for introduction and e«.^ion 

<,f*es«bslinu.--o-«>^»'»•«^•'*''^ p.ocess«g ..a^d n,ay 
!Ile a. Uas. o« and .o«. tad«. n»y include 

20 theremm .h^to, a desa 

-titr^rsTT^c^sca^jT^-— 

Zrrf^t:idsubs.ra.esand.nu„.berofa„ton-.icsuidedve«cles 

::lTv: Ztes .» and fro» a cssette ^^dins systen, front ««ch ^bsuates 
«»av be retrieved by the substrate exchange apparatus. 
30 ' ,Xas;c«.seve.a.flowpa,h«««cy»sn.a,bcprovided.an^.by^ 
^. ma, be employed u. transfer snbstn-sftotn one flow pad. to anodter. 
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Steps of the method include positioning a substrate on a conveyor, moving 
the substrate to a position adjacent a processii^ island load lock. The substrate is 
removed from the conveyor and introduced into the load lock. The subsuate is 
moved from the load lock into the processing chamber and therein processed. The 
S substrate is then moved into a load lock, which may be the same or a diiferent load 
lock than the above load lock. The substrate is retracted from the load lock and 
placed on the conv^or. During the time of the above process, at least one other 
substrate is loaded onto tl^ conveyor. The process may then be repeated any 
number of times. 

10 Advantages of the Invention include one or more of the following. The 

invention allows for smalU cost-effective sizing of factory capacity. Factories 
employing the invention can be efficiently and cost-effectively configured in any of 
several manufacturing flow configuration^ i.e., job shop, ballroom, or mini-fab. 
The system allows for cost-effective matching of TACT time among some of the 

IS most expensive pieces of process equipment, including chemical vapor dqxiation 
(CVD), plasma-enhanced chemical vapor deposition (PECVD), etch, and 
photolithographic equi|Hnent. The invention allows for complete modularity in the 
design of fabrication processes. The chambers intended for use in the present 
invention may have the same or similar interfaces, allowing the same to be 

20 coimected together in any combination i^iiatsoever. In the present invention, if one 
processing island becomes fully or partially disabled due to malfunctions, etc., the 
system may continue to operate because the process may simply be reprogrammed 
to bypass the faulQ^ island. The process of the disabled island may be reasagned 
to a different island wlule the disabled island is taken off-line and repaired. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a top plan schematic view of a prior art cluster tool. 
FIG. 2 is a t(^ plan schematic view of a ^ngle aisle of a fab system 
according to the present invention. 
30 FIG. 3 is a schematic longitudinal cross-secuonal view of the aisle of FIG. 

2. 
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• views of alternate tracked robot systems 

FIGS. 4-8 are top plan schemaiic views oi ««« 

acconlinB to P»«^* . .k. 

L » is . U.P Pl- «^ view of ^ 

present invention. 

no 10 is a perspective view of ihc system of FIG. 9. 

HGS. 1 1-17 are views of a robot end effector and conveyor substrate 

holding clement in various relative orientations. 

e^u^^rtic view of an alternate system according to the 
FIG. 18 is a top plan schematic view oi <ut « 

present invention. rcif m 

, no. .9 tea perspective view of *e conveyor arsttm of no 

"'To'rtru.p.nvicv....----"'----''-'"-^ 

, ■^•^U.^.pUnvi.w-""---''^-'-"^ 
transfer element according to the present invention. 

^^^^ «f a conveyor system accordmg to an 

nG.23isatopplansd»cmaticviewofaconveyorsy 

he emoloyed in a factory settmg 
embodimem of the present invention, as it may be employeo 

Including numerous islands, most isl^ids including a processmg chamber and 

,0 ---^^tltopplanschematicviewofamul^ 

accordU^tothcpresentinven^ed^.^^^^ 

no. 25 is a top plan schematic view OI a i 

• tinn fed by a «ngje AGV aisle and linked by a conveyor-to- 
the present invention, ted oy a ssag^ 

25 conveyor transfer robot. . i„ .he various drawings indicate 

Like reference numbers and des.gnatK>nsm the various dra g 

like elements. 

DETAILED DESCRIPTION 
HG 2showsanaisle40ofafabricationsystemaccordingtothepresent 
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ends 46 and 48, respectively. Each island includes a load lock chamber 50, often 
used for heating, a load lock chamber 52, fien used for cooling, and at least one 
processing chamber 54. 

The load locks allow a staged vacuum to occur. That is, the process 
5 chamber vacuum need not be breached for substrates to be loaded and unloaded. 
Since the load locks are independently evacuated, pimips servicing the process 
chamber need only pump on a chamber (i.e., either of the load lodes) that is 
already at a vacinnn. That is, a substrate is loaded into the load locks which are 
then pumped down to a vacwim. A valve or set of valves between the load lock 

10 and the processing chamber is opened to allow transfer of the subsbate between the 
two. When this hiqypens, the processing diamber is subjected to the vacuum of the 
load lock Had the vacuum not been staged, i.e., had the load lock not been 
pumped ^wn, die exposure of the process diamber to such a pressure could lead 
to contanunadon of the process chamber. Such a capability is particulariy 

15 important for, e.g., plasiha vapor deposition (PVD), which may often require the 
lowest pressure of any process. 

The processing chamber 54 is in controlled communication with the load 
lock chambers by means of gate or slit valves 56 and 58, respectivdy, at the 
entrance and exit of the processing chamber. At the first end 46 of the track 44 is 

20 a bulk substrate delivery and removal ^stem which, in the illustrated embodiment, 
is fomied as an automatic cassette loading system C'ACLS^ 60. AGVs 62 which 
move along an AGV aisle 66 are provided to deliver substrate cassettes to and 
remove substrate cassettes from ACLS 60. The ACLS includes an inboard cassette 
holding fixnire 6SA, and outboard cassette holding fixtures 68B and 68C positioned 

25 at first and second sides of the inboard cassette holding fixture 68A. The inboard 
holding fixture 68A is fixed in a position adjacent the AGV aisle. The cassettes 
each have features for holding a vertical array of substrates in a parallel spaced- 
apart relation. The outboard holding fixtures 68B and 68C are movable (via 
translation and rotation) between the initial or cassette exchange positions (shown 

30 in broken lines) adjacent the AGV aisle 66 for exchanging cassettes with AGVs 62 
and second or substrate exchange positions (diown in solid lines) for exchanging 
individual substrates in their cassettes widi a substrate exchange robot 70. In the 
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iUustt««l ~l«iim«.. 

rt,Mspl,e«ofil«fi«»iy.aisubsimiially»mbicnt|K«^ 

.obo. 70 (describe to <«e«ai bel<«») is m»vat,k along .he ttack 

44 be««« *e (i« »d s«ond «ds 46 «rf 4S. Who. k««d to a firs, posiuon « 

U« f«. e,.d 46. a« «*o. 70 can «Ki <• ««' f-"" 

cssencs on holdtog fix.u,es 68A^. Wi* *e «*« 70 to *e 8« P-non. *c 

inboard hoWng fix«« «8A a.^ <^ 1 1 

to posiu««. «ch face U« robo. «, f«.liu« «d»ngc of a«bs«-.s 

• ^u,U«rob«. The n*o. maybe moved «>.plurali., of p«Wons along *c«»k 

»he,. tt »., exchange sabsu-es «id. tt« isU»a 

po»««. *«m to bro.ce. lines and designa.ed «iU. d« nnme.^ 70' *e.^ ma, 

;Lasnb««e72to«.*eentty.o«llockchamber50of*efirs..sl«.d42A 

U^.g„e« slit valve 74. ta *e same posiUon. bu. to an .nen.«io. ,o»«. 
,«,. aK«fi«n about a verdcal «ds. *e „*o. may load a subs»« .nu, *e e„«y 

^ «n»^ -e assod-ed «i* *e loadtog ch»nbers of elands 42C and 

42D. Stonlariy. an ank«dtog or ex»c,,on posiUon and a f^'^J^^ 
ortenuUonsa,.assoda«dv*h.«*opposi.ep»r.fisU..ds42Aand42B.and 

, 70-.istod««n.oadtogp.sido.fordKisto„ds42Ca.d42D.andtoU»«n.oa^ 
onenmion specifically f„ .he island 42D whe« *e «.bo. can a subs«.e 
u™„gh a 8«. valve 76 on exi, load lock or unloadtag chamber 5i 

A clean .unnel «>. also sho»n to coss-^™. to FIG. 3. encompasses *e 
^ 44 «.d ACLS 60 and may ex^nd over a porUon of AOV -sle 66. The clean 
,5 .„m.elex«..s«,U«loadlockchambersof*ev»i«»lsla»as-.dpro^ 
c..«. -™»SH vdncb *e .obo. may uanspon subsu-es be«^ 
isunds aad *e ACLS. AU along iu roof. U.e dean «n»cl may have U.. 
„ (Fig. 3) for to«od«tog clean air tou, *e clean .unnel «, mainuin *e clean 
™nKl « a sUgto posiUve pressure. *ereby preventing enny of »m»an«d 
30 conumtoant particles 4i»nghv«to«s«mnel openings. 

Referring bad. » FIG. 2. *e .ack 44 ^cunds d«».gh ti« d-stal end of ti,e 

ctean ti-nel M. A srfT^em lengt of is provided be««. *e e«. of *e 
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clean tunnel and the distal end 48 of the track to pro^de a servke/knaintenance 
position for the robot, sho^ in broken lines and designated 70^'\ With the robot 
in the ser\dce/maintenance poation at the distal end 48 of the track, technicians 
have substantially unimpeded access to the robot and can perform service on the 
S robot including cleaning or replacement of robot end effector. 

This modular design allows the track (>vhich may also be a conveyor as 
described below) to be of any length desired and to accommodate any number of 
processing islands to achi^e a desired process. Advantageously » as shown in Fig. 
2« the conveyor or the track may be made of identical modular track segments 71 

10 vMch may be coupled together to extend the conveyor or trade any desired 
distance. The coupling mechanisms may vary. 

As shown in FIG. 3, the track 44 is securely mounted to the facility floor 
99. The robot is coupled to the track so as to be movable along the length of the 
track, but substantially immovable transverse to the track and not rotatable about 

15 the length of the track so as to prevent the robot from tij^ing over. The robot 
includes a base 84 having a central vertical axis 86 and a body 88 extending 
upward from the base 84. The body may be rotated about the axis 86 by a rotary 
actuator (not shown). An end effector, in the form of a lifting fork 90, is coupled 
to the body by an arm 92. At its proximal end, the arm 92 is coupled to a vertical 

20 linear actuator (not ^own) to permit the arm and lifting fork to be raised and 

lowered. Optionally, as shown in FIG. 2, the robot may have a pair of arms 92A 
and 92B each with an end effector 90A and 90B, respectively. Sudi a 
configuration allows greater speed and flnibility in the <H»ation of the robot as 
may be dictated by the process requirements. Referring to Fig. 2, in a lowered 

25 position, the fork 90 may be inserted beneath a substrate 72 in a cassette or in a 
load lock chamber. When raised to an intermediate position, the upper surface of 
the fork or, more particularly, pads (not shown) along the upper surface of the fork 
tines, engage the lower surface of the substrate. When further elevated to a raised 
position, the fork lif^ the substrate out of engagement with the cassette or load 

30 lock chamber. With respect to a cassette, if the vertical range of the robot actuator 
is insufficient to address each location along the height of a cassette, the cassette 
holding fbctures may include elevators, capable of raising and lowering their 
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associat d cassettes to facilitate access by the lobot Alternatively, the robot end 
effector may be made to move primarily horizontally such that the elevators 
providemosioftheverticaltxanslation. Tl»eami92Amaybeartic«lated 

«ciprocate the foric 90A along its central axis 94 (Fig. 2) between extended and 
5 retracted positions to insert and extract a substrate, respectively. A largely extended 
position is sho>vn in HG. 2 for arm 92A. and a largely retracted position is sho^ 
in arm 92B of the robot in position 70". With the fork in the largely leuacted 
position, tiie substrate is subsUintially centered over the track in a relatively 
compact configuration so that the robot may move along the track carrying the 
10 substrate without colliding with adjabentstructwes. 

It can be seen ho*', via rotation of the bo^ 88. the robot can be made to 

align Ae fork 90A (and its axis 94). for example, whh the longitudinal axb of the 
cassette holding fixture 68A or the outboard fncn.es 68B and 68C when the lat^ 

f.x««s are in *eir substrate exchange positions. Such rotation can furti« be used 
to alternate the robot bel««en addressing load lock chambers on one side of the 
track and load lock chambers on the other side of the track. 

Other bulk substrate delivery and removable systems such as belt or pallet 
type conveyors may be used in place of the AGV/ACLS system. FurthcmK>re. 
I^tiple aisles 40 are ,«fer*ly associated with a single AGV aisle 66 or com^eyor 
20 system to maximize fil> efBciency. .... 
no 4 sho« . system h«dn» » .idc 5i0 ™y 
«. aisle 40. Rafter ha^ng ™ AOV/ACIS dcBvay •«> «^ 

syslcm *. aisle has . conveyor sys«n, 512 to 4e «nbod.«em. 

^.mprises tene-typ. s«bs«e holding <^ 5.4 as will be ^"-^^ 

2S deuil below. A roW 516 may «cch»^e a s»»««c wift . P«*«tar 

at.givenp.i«in.ime.islooa«da„h.pr.xi»»lendoffte«ck51S»l«eh« 

posiU«Kd popc-licul- .0 *. conveyor. ■„„ robo. may move along *e «3*»d 

toterac «i* *e isl«*» f^"^ ^ 

70. SpecifiaUly. *« istaids include load lock chambers 501 and 507. process 
30 ctam-bers 503 arf 508. «.dlo«J lock chambers 505 and 509. 

FIO 5 shows , robot 520 which is mo««e along 3 wok 522 alongs.de ».d 
pandlel. Ae com«^». The . bo. 520 ««h«ge sobsw^ with srt«.«e 
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holding elements of the conv^r at plural locations along the conveyor adjacent to 
the track 522. These locations include those corresponding to a load lock chamber 
SIS, a process chamber S13, and a load lock chamber 511. 

FIG. 6 sho^ a system smilar to that of FIG. 5. In tins embodiment, the 

S conveyor is replaced with an ACLS system 533. The ACLS system can exchange 
substrates at various locations including at a load lock chamber 517, a process 
chamber 519, and a load lock diamber 521. 

FIG. 7 shows a system having a conveyor, robot, and track similar to that of 
FIG. 5 but with an optional island configuration. In this embodiment, load locks 

10 530 and 532, respectively, axe povided adjacent the track u> exchange substrates 
with the robot A low pressure heating chamber 534 is located at the rear of the 
heating load lock 530 and a trmsfer chamber 536 is located near the back of the 
cooling load lock 532. A fust processing chamber 538 is portioned between the 
low pressure heating chamber 534 and the transfer chamber 536. A second 

1 5 procesdng chamber 540 is portioned at the outboard side of die transfer chamber 
536. 

FIG. 8 shows a system smilar to that of FIG. 7 but wherein the conveyor is 
replaced by an ACLS 535. This system includes load locks 523 and 537, process 
chambers 525 and 529, a separate heating chamber 531, and a transfer chamber 
20 527. 

Referring to FIG. 9, in a further embodiment, an island 120 is provided for 
processing. The island 120 includes a process chamber 123, and associated load 
lock heating chamber 121 and load lock cooling chamber 125. The island 120 may 
be otherwise dmilar to those of die embodiment of FIG. 2. A conveyor 131 

25 transports substrates to and fiom the island 120. The sources and destinations of 
the substrates may include other prcx:essing islands which, in combination with 
island 120, perfomi sequential treatment processes on the substrates. For example, 
the conveyor 131 delivers substrates to heating chamber 121 and receives substrates 
from cooling chamber 125 via an atmosjrfieric loading robot 128A having an end 

30 effector 129 A and an atmospheric unloading robot 128B having an end effector 

129B, respectively. As illustrated in FIG. 9, an improcessed substrate 127 may be 
loaded into heating chamber 121 by the loading end effector 129A and a processed 
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nr b.»»«a ftom cooli.g chamber .25 by 
.fl«u. I29B. Proofs ctamba .23 may for e«mple. a chemical varo, 
aep^lUon (CVD) camber. . Physic- vapor ac^si- 
a^u™ .f *. «dde (nO). «. «ch d-mb... a PECVD ehamb^. or 
5 oUKr such «mic«,iuc«» vacuum proc«««g chambers a. ».kno,«.m*. an. 

Each .o«. kKk d»mb.r may be multiftme&mal. Process s.eps mch*ng 

. he movided for and emptoyed m 

healing, cooling, ashing, descummmg. etc.. may be prov, 
each.oad.ock. TypicaHy. .he k»d .cck .2. may be used » hea. »Ki dcs^p 
««U d. .o«. loc. .25 may be used u. CO.. a«. «b. If «. 
,0 dus requires a sep,r«ch=a.ingcapabi.i.y,n.cessi»ti»..m».u.fl»«.«^^ 
^ Hewing processes in such mu.UfuncUona.k-. h«ksm,Oru«.»de p».- 

tto.^g or coo.ing processes vduch may occur m a 
muWluncUo,.. U»* lock i.c.»ie inspecU«.s under eid.er vacuum or a»oM-c 

„^ such ftu«U-» s.rucn„ «« 
,5 FoncU«.Ix»kCh«nb.r ft.. Subsume ^oc.ss««Sys.em^inc«poraM by 

"'"^n; » F.O. .0. Which sho^ a ^ve view of d. islai. of P,0. 
, vari«. od«r compa«ms ». eviden. Loading e». effector .29A 
^Uoned e^cHor «. W«. kCc hen*,, d-mber .2.- Wn .oad.ng a^. 7 
^ ^he«ing chamber .2.. d»«K.efr.c«..29A««e,sheaungchamb-^ 
loading sii. or ga^vaN.. 32. Tl^subs^^ is received by. subs^oe^n^ 

^1 (no. shown, in»*or of heaUng ch».ber ,2.. «k. is 

p^siUon for headng once processing m.y U».ude . 

conespond «. a vacuum in P««ss.* cHamber. as w^ «. ^ 
25 s.ep)iscomp.e.edwid,inhc.U«gchamber.2..d.s«bs»a»»mo«d-»^ 
clber .23 via a uansp^^r or shunle (no. show.) Which moves d« «b,«.c 

a fus. transfer vaive .34 between heaUng ch^nber .21 «». P»«c» 
eh^ntr .23. Once the substrate is in process chamber .23. '^^^ 
and *«= vawe dos^i. processing may be «.mmenced. In nO 
30 ftc.o.y«»H=er .00 is shown. T1« worker. d« substrates, and d« transfer 
meclsms a« prt^cted against coiHsion with each oU^ by a set of 

♦K- ciihfitiate is moved into cooling chamber iZ3 
guaids 136. Following processing, the substrate is mo 
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(which may also have been pumped down to vocuum) via the same or a second 
substrate transporter (not shown) through a second transfer valve 138. Cooling or 
other such processing may then be commenced. Once the cooling or other 
processing is complete, the processed substrate (shown as 127*) is removed from 
S cooling chamber 125 via imloading slit valve 140 and end effector 129B. 

Prior to the substrate's introduction into the load lock heating chamber 121, 
the substrate may have been transported down conveyor 131 from a storage 
location as described below. The conv^or system may be any suitable powered or 
gravity*operated type, including, for example, roller and linked beh conveyors. 

10 The substrates may be moved on a series of discrete substrate holding elements, 

including first, second and third elements 142A-142C (collectively 142). Substrates 
may be centered on the substrate holding elements using a plurality of stoppers 201 
(only shown in connection with element 142A)^ These stoppers 201 may have the 
general shi^ of an inverted tnmcated cone, such as a frustum. The substrate 

IS holding elements 142 may be continuously arrayed along the lengA of the 

conveyor, and may be evenly and fixedly spaced relative to each other or may be 
independently controllable to allow temporary interruptions in the movement of 
individual elements. The substrates move on the elements in a downstream 
direction (here denoted as the x-direction 200) along a work flow path defined by 

20 the conveyor. Chambers 121, 123 and 125 are located adjacent the work flow 

path. The directions orthogonal to the downstream direction 200 are designated as 
a horizontal or y-direction 201 (between the conveyor and the chambers) and a 
vertical upward or z-direction 202. 

For a given processing chamber to perform an operation on a particular 

25 substrate, the substrate^s movement is stopped adjacent the loadii% robot 128 A. 
This may be done by stopping a substrate holding element in the location of 
element 142 A in FIG. 10. As shown in FIG. 1 1, the stopped portion is adjacent to 
the chamber 121 and directly over loading end effector 129A which has been 
previously appropiiately withdrawn (FIG. 12) from the chamber 121 by a y-Iincar 

30 actuator 143 A (FIG. 10), lowered along the z*direction by a z-linear actuator 144 A 
(FIG. 10), and rotated about the z-direction (compare FIGS. 12 and 13) by a z- 
rotaiy actuator 146A (FIG. 10). Load'mg end ffector 129A is then raised by z- 
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r^ear actuator I44A to engage and cradle the substrate (HG. 14). Load»>8 
effector 129A is further raised to lift the substrate into an elevated position (HG. 
15) v^herein loading end effector 129A holds the substrate above the element 142A. 

The z-rotaiy actuator 146A of robot 128A is then caused to rotate the 
loading end effector 129A 180* (FIG. 16) so that the substrate may be introduced 
into load lock heating chamber 121. Fine adjustments may be made by z-hnear 
actuator 144A to adjust the height of the substrate so that the substrate may em^^ 

loading slit valve 132 ununpeded. When the height is achieved, the loading 

slit valve 132 is opened and the substrate is moved by y-Unear actuator 143A m the 

y^irection (HO. 17). TUb movement loads the substmte into load lock chamber 

PI where it is received by a substrate transport stnictuie (not s^^^^ 

end effector 129A may then be vdthdravoi from the chamber 121. Loading sin 

valve 1 32 is then ck>sed and the heating and evacuation process begun. After 

p^ng. with the substrate in load lock chamber 125. the subsu^ 

^ed to the conveyor by essentially reversmg these steps vath an unloadmg slit 

vaWe 140. the unloading end effector 129B. a y-linear actuator 143B. a z4«ear 

actuator 144B. a z-rotary actuator 146B and a conveyor element in the posiuon of 

third element 142C. _ 

on s«teua« Wdbw fix«« 15S to s«« «.y U« U« loadtog ^ff""' 

r« di^Josed. to US. Pa»« No. 5.«74.m »ti-ed "Mc*od of 
Hea*^ «Kl Cooltog A«. 01« S.^. » Turner. 

H«dnE and Cooltag Urge AT.. S»bs»«s ^ - 
mi«ai.dB«kstt»s=r.in»rpon»«lb«einb,ref««eto*eir««-«y. As 

*o«n. *e loading end .ffec«.r ,29A may h.« Uk of a fork and may .n 
parteula, have *e d«pe of a forW blade. By nsing a U»ding emi effecu. 129A 
7*is design, a bridge is made .0 older man„fa«uri„g Itoe, «hieh d». may more 
«sily «Ki cost-effeedvely in«egn«. d« system of fte present im«n«on. 

no. 18 shows ». ishnd 120- employtag two process ehambers 123A and 

... _i .-.«n«ss a substiale. tea feshion similar to island 120 
123B which may be used to process a suosui":. •» 
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of FIG. 9, island 120^ employs a load lock chamber 121 for introduction of 
substrates into the ^stem. The island also employs a load lock chamber 125 for 
extraction of substrates out of the ^stem. The introduction of a substrate is made 
via a loading end effector 129A\ The extraction of a processed substrate is made 
5 via an unloading end effector 129B\ A system such as is shown in Fig. 18 may be 
used to dq[x>sit two fihns on a substrate by first depositing a film layer on the 
substrate in the first process chamber 123A and then moving the substrate into the 
second process chamber 123B where a second film layer may be grown or 
deposited. 

10 The lenudmter of the island system, including the mov^ent of the 

subsu:ates along conveyor 131, is ^milar to that described with respect to FIGS. 9 
and 10. The island 120' is also shown in perspective view in FIG. 19. As shown, 
the loading end effector 129A\ like tnd effector 129A, may enter a loading slit 
valve carrying a substrate. Loading end eflector 129A* is sinulariy siq>ported by a 

IS z*linear actuator, a z-rotaiy actuator, and a y-linear actuator. The system for 
extraction of a substrate includes an unloading end effector 129B\ a z-linear 
actuator, a z-rotary actuator, and y-linear actuator. In a similar fashion to that 
described above, the substrate is ooracted from the load lock chamber 125 through 
an unloading slit valve. 

20 FIG. 19 also shows a series of first, second, third, and fourth substrate 

holding elemmts formed as conveyor pallets 142A^-142D\ These pallets 
(collectively 142') are discussed below and compared relative to the frame-type 
holding elements 142 of FIG. 10. Also diown in FIG. 19 is a laminar flow hood 
ISO which performs a similar fimction as the clean tunnel 80 described above. 

25 FIG. 20 shows an island 120** that may be used for the depodtion of a 

three-layer fibn on a substrate. It should be noted that, in all of these embodiments, 
a greater or fewer mmiber of film layers may be grown than is described. For 
example, substrates may be shuttled back and forth between process chambers by 
way of appropriate programming of the substrate transporter(s) within the system. 

30 Such substrate transporters are described in the application "^ubsuate Transfer 

Shuttle**, incorporated by reference above. Alternatively, more than one film may 
be sequentially grown in a single process chamber. Also, a substrate may be passed 
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suW«« may be nK«d ftom l«d lock hea^ng chan,b« .21 in.. » 
, rj From ctamber .22. *o »*»a« ma, be mov«. ,n.o a firs. 

jfir.23C for film deposition or oU^proeesstag a. a firs. s-ep. The 

:::^etx:"L. ^^^^ — • - - - 1 - 

as . seeond SKP. -n- may .hen b. moved back .n.o firs, 

mro irao- msv he removed fiom *e system. 

^li„g chamber .25,Ac processed substtattm.* be rem 

The design of Aeconv^orsubs^-e holding e.-ne«,».dr*o. end 

i.»-»n«u.F!G lo.eachcomreyorsobsttaehoWmgdemen. 
ma, vary. "'^ . „ ^ving. and supported by. . 

,5 .42~y^^<-«*-*»^''^;t!^of*econveyor.M.Tlte«m 
to«r«m.S2«bW.a«^a«acke.emen..54of y ^^^^ 

,5, extends generaU, «ansve,« u, fte subs.ra.c work fiov. p.*. A, *e 
arm . k an r^g. . e.e^ — ^ 

^ :rr.<;i"rr:sr;::tnesec..n.«««ch. 

=-»--::rr:rx:r:rr:fr:open 

cogens ^ ^p^rted by a 

25 held by the fixture 158 (HG. U) the WW ^ ^ . The fingers have 

olunilUy of fingers 166 which project inwardly ftom ftame 160. The l g 
CLaceslhich are slightly vertically recused fro. the upper surfa. of 
that the substrate 1 27 .ay be securely held in prec.se regtstrahon 
frame 160 so tna . ^ substrate constrained by the inward- 

ju 6 ^^rtiir^B 1M SO as to provide a necessary 
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fingers are sufliciently narrow so that, should a substrate break, its various pieces 
will fall through the spaces between the fingers, without leaving any shards or 
other debris on top of the fingers so as to interfere with imcessdng f subsequent 
substrates. 

5 End effector I29A is generally fwmed as a forked blade, the degree to 

which the blade is forked being determined by the system requirements, particularly 
in terms of redi«ng weight. The end effector is sized so as to pass vertically 
through central aperture 164 of tfie fixture 158 without interfering vntti the frame 
160 or fingers 166. At the distal end of the end effector, a pair of iipwardly 

10 projecting tabs 168 serve as stops to engage the end of the substrate and fH-event 
the substrate fiom sliding off the distal end of the end effeaor during movement. 
A notch 170 may be prodded in the fixture 158 at the proximal end of the aperture 
1 64 to permit passage of the tabs 168 durii^ exchange of the substrate between the 
fixture 158 and the end effector 129A. 

15 HGS. 19 and 21 show an embodiment of the end effector 129A' as a 

substrate transfer frame. The substrate transfer franies 129A' and 129B* are in 
many ways dmilar to fixture 158 and employ a peripheral frame member 270 
having an open distal end and from which a plurality of substrate siippoit tabs 1 77 
ixoject inwardly into a central aperture 179. Substrate 127, diown in dotted lines, is 

20 supported by the substrate support tabs 177. The aperture area of frame member 
270 is made just larger than the area of the substrate so that the substrate fits 
within the fr:ame member and is cradled by the substrate support tabs 177. The 
frame member is coupled to the z-linear actuator by a connection 174. With 
fiuther reference to the pallet configuration shown in FIG. 19, the central aperture 

25 within the frame member 170 is slightly laiger than the plan area of each of a 

plurality of pallets 158\ As the frame member is raised from below a pallet, the 
tabs pass through inwardly directed notches or recesses 161 in the pallet perimeter 
so that the upper surfaces of the tabs can engage the lower surface of the substrate 
127 adjacent the substrate p^meter. The frame may be further raised to lift the 

30 substrate into an elevated position above the pallet. In a way similar to that of 
stoppers 201 in the embodiment of FIG. 10, a pltirality of stoppers 301 may be 
employed to hold the substrate 127 n frame member 270. Like stoppers 201, 
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«^ 301 ™.y ha« «« ccn«- *.P. of » invet«d «n«««i ««. such « . 

frustum. 1 
„ U tatonoKd Ita. p=dle« 158- may include st ppers Co poalK-n »kI 

5 .»fig„«ds«hU«flKy do no, impede *cn»vcme„. of frame members .70 

^theo«sideof*.p.«e»158-d«m.E»ub«ra««ansfer. F«hem,o« 

subs»«s on p.ne» 158- ma, be supported by friction pads 40. such as plasuc 

,„*U«.y.subs«esm.y«-«..~s»«s*«.ifU«y«eresuppor«d 

direal, on *e pallet. Such stoppers or p«b m«r rfso be us«i «. sys«ms 

,0 '^°»'»«'«^"'''""^"';T^„f„^rfr««„fo™ed.s.s^ 
no 22 shows another embodiment of an ena ciiccwi »« 

^er fo* .80. in parUcular. a s„bs«». .27 is sl»»n in do.«a H« supp«^ 

by *e Unes .82 of *e subsua« uansfer f«k 180. Sud. a f«k may be ^ 
1„ conveyor bas nar^v. palleu ^ou™. «hich anes of ft* 
.5 o,«b-e*e«n«yor».^UKSubs,ra«s..onsU«ired.«»cH*^^^^ 
can pass be««a, U« support k««ion. *e Uue, case, the f^k ma, be ^.^ 
hy a^ S^strate tmnsfer foHe .80 is mounted to supporting z-lmcr acnt^or 

via a connection 184. . 

m 23 *.ws how muWple isUnd. may be empK,yed m a ,ob shop 
con«s™«ion..nnG.23.subs..«es-.u»«dbyAGVsa,ons»AOV«s.e220 

and h«. a p.»-i.y of subs..- s,"^ f 77 ^■ 

^ .„ moved inu. *e conveyor system via a conveyor lo^« 

Substrates ,„ m.v«. out of the system via a conveyor ualo«fcr 224^m™ 
are moved into the sysum. they -.pl^cO on amveyorp^Ws. 8 

^ ^b, a conveyor 226 which may be ». endless loop di»«ehoH»>g -erne.. 
Xtr sin^Ur to the conveyors described -K-ve. Any mnnber of isUnds may . 

employed along the conveyor. oiftA -J-iOJ 

• cK- i« for CVD, islands 230A-23OJ 
When the system shown m FIG. 23 is usee lor v- 

, u Hu^f the active layers of thin film transistors 
mav be snecifically for the growth of the active iay«* 
30 ^trisJ230K.230Nmaybespecif.ca,.yfor.hcsro««hofp,»«^n 

^ Thus, in this syston. each process chambe, assigned to the acuve-Wy^^ 
finds 230A.230« would be e«p..y«. «> <i«Posit m».Up.e Uyers s«,«n„a.ly. 
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Passivation islands 230K-230N could be used to deposit a passivation layer as a 
final step over the TFT. As tllusU^ted^ the greater number of TFT islands may be 
provided to balance a longer processing time required by the active-layer islands 
relative to the passivation islands. Appropriate control of the conveyor, the robots 
5 of each island, the loader and unloader and other elements of the system via a 
specifically programmed computer can choreograph the movement of substrates to 
and from the conveyor and between active-layer and passivation islands to 
maximize throughput. This is a good example of small, incremental TACT time 
balancing. 

10 One type of function \^ich may also be employed is a substrate buffer 

station 235. Such a buffer 235 may be placed, for example, upstream of an island 
for the piupose of holding substrates prior to their processing. The buffer station 
235 provides a location where substrates may be temporarily stored. For example, 
if an island is occasionally called upon to perform a timc-inten^ve process or 

15 requires operator asdstance or service, substrates may be stored in a buffer 235 
near ihe island so that substrates will be inunediately available when the island is 
ready to process the next substrate. Buffer chambers may also be employed 
upstream of each one of a number of islands to. even further facilitate rapid 
processing. Such buffer stations may have a number of dielves on iviudi 

20 substrates are located and, if desired, heated or cooled. 

Referring to FIG. 24, the invention is shown employed within a PVD job 
shop configuration. As above, an AGV aisle 320 is used to move substrates into a 
plurality of substrate stackers 321. Substrate stackers 321 feed substrates to a 
plurality of conv^or loaderAmloaders 322. Loader/tmloaders 322 move substrates 

25 to and extract substrates from conveyors 326. Conveyors 326 move substrates to 
selected ones of islands. As an example, again for the growth of TFTs, islands 
330A and 330B may be used to deposit sources and drains. In doing so, these dual 
process chamber islands may deposit three layers of titanium/aluminum/titaniimi. 
Islands 330C and 330D may be used to grow gate layers such as 

30 titanium/alimiinum. In using dual process chamber islands 330C and 330D to grow 
two layers, one of the process chambers may be dormant in one step as mentioned 
above. Finally, islands 330EO30G may be used to deposit the pixel layer, such as 
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«, deposit ITO above *c TFT. nO. 24 da. sho«s ™Wple t-ri-* f"" 

b, . »ngk AOV aisle. The eonve,o» deliver subs«««. «. »«l ««v. subsuaus 
pcoe^sing islands in a varies of «»ng»«tio«s. These systt«s of FIOS. 23 
,„d ■'4 «> «e« «> similar syslems. have a number of advanu-ges over known 
5 systems. Vu^ a variable number of process chambers can be cos.-effec..vely 
implememed. This Mlows for incr«ne«ing faclonr capaciv in small amounu. 
TACT Ume bahncing may also be easily feciliUKa. Second, conveyor ttack 
be of vaHable fcng* «rf ma, be kep. ctam in a more simple manner d-an 

AGVs link separ-e ttols. VM. d« eyelid layout of U« s,s»=m allows 
substrates «,au.om«icdly«.«nt. the s»n. cassette fmmwhid.*ey^»ere 

^loaded without need for «ldi.io«ia«b,. or mech-dsm^ r-Hy. h U reWtvely 
e^,oimplanentinspeeUon«*br .est s.«i«.sdongU» conveyor «».e. Such 
inspection test stations may be emplo,«l for Ptocess moni««ng. «««mg 

palates, or for implementing "goto, go" decisions. ^ . . . , ^ 

HO 25showsanembodimentofasystem.o9entem»dd« mim-ftb 

c«,figun«io.-. »*e«in a pdr of adja««t ftrst and second «».v.yo« 426A and 
426B are f»i by the single AGV aisle 420. The firs, and second eom«yors each 
have or m«. robot- fed inspection test sutions 440. The subsnates «e 
delivered «. «.d ronoved f^ "-eyors by stokers 42, »rf loaderAml^ders 

422 as h« been previously described. Of particular nou is d« inclusion of a 
conveyoTHO^onvey^ transfa 4*0 which can transfer or bypass s^ 

directiy between the conveyors so that P««ses may be se,uen,«,ly performed on 
a given s*««. hy isUnds of the rfj»nt conv^ wi,h«. having to return U« 

given substr-e to the bulk substr-e deBvery «.d removal syston. To facU..a^= 
this. d« c«weyocs may be positi««d ,ubs.»«irfly adjacem to .«* other at ti« 
conveyor-t^onveyor transfer robot 4«. The transfer «*« may be od.en«se 
similar to the loaders used wifl, ^ ptocessing Ubnds. Furthenn^. an 
in^veyor transfer or bypass ml»t (no. shown) may be p«>v.d^ m *e m«nor 
of.c«».,.r. The in«co.veyor«ansferrobo.«nsferss*s..a..s between tv» 
^t. l«c«im» on . single con«yor. The intraconveyor 
used for a variety of purposes i«h^ the reordering of s«bs».es along the How 
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path, the stabilization of substrate flow along the convQror« the avoidance f ^iog 
jams^, or for other process pxirposes. 

In varying combinations the conveyors may deliver substrates to and remove 
substrates from CVD process islands 430, substrate cleaning islands 442, etch/ash 
S islands 444, CVD passivation island 446, and PVD process islands 448 and 4S0. 
Systems, such as shown in Fig. 25, allow the mixing of various chamber types 
along the conveyor route to achieve vdde flexibility in design. In this way, widely 
varying processes may be implemented to allow the growth of numerous types of 
Alms and devices. This is possible because the system maintains a substantially 
10 uniform pitch regardless of the number of process diambers configured together in 
a single island. 

Referring back to the illustrated embodiment of Fig. 23, a nimiber of 
substrate holding elements 158 are shown on a continuous conveyor substrate 
handling ^stem. In this inferred embodiment, all holding elements 158 index 

15 forward from one stop podtion to the next stop position simultaneously. As can 
be seen, the substrate holding elements are spaced sach that when one is servicing a 
load lock of procesdng island 230B, another can be servicing the corresponding 
load lock of processing island 230C. In this way, a substatially uniform pitch 
(i.e., the centerline-to-oenterline distance between adjacent chambers) is maintained 

20 and TACT time is optimized. This is especially important in a conveyor system 
where multiple substrates and processing islands must be appropriately indexed so 
that loads and imloads occur substantially simutaneously at all desired load lock 
positions. Further, the distance between an entrance or first load lock and 
processing chamber may be substantially equal to the pitch between substrate 

25 holding elements 158. Of course, because some {xocessing islands may have more 
or less than three chambers in total, it would suffice to have the pitch of the load 
locks not be exactly the same, but rather a multiple of the pitch of the substrate 
holding elements. In other words, the pitch between adjacent chambers (PI), 
whether load lock or procesdng, should be substantially the same or an integar 

30 multiple of the pitch between adjacent substrate holding elements 158. In a 

pr ferred embodiment, PI is approximatelyequal to P2. Furtheraiore, the pitch may 
preferably be imifonn between different processing islands, even if the processing 
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pvn CVD etch. tc. Thus, typically, ai 

islands Dcrfonn different processes, e.g.. PVD, cvu. cicn. 

I^H^ in 00. *e -v^ ---- "-"^ 

P„fi^»«luhrt.y.«hch«b«.wheU«..oad.ocU.ap«>«ss,ng 

s«»c««l connections »d in«fi«s. As such. »y comb,n»on of 
U is possibte «, omsion co.v.,« sys«n» «hid, tave «Kiq«nd».l, 
„„v*.e pa««s or f«ks » hoM U« »d *»fo« «,««.. 

, «.bs««.,a..y umfonn piKl. ^cc kind of «»sp«. sys«ms «. nK« 

vanous fu„«ions »d *ar «s.ci«.d su«««s may 
^.ivia»dfro.*osci«us».c.h™in. For «i...e «ch/=sh ^ 

aisdo^d. , dcscum chan.bc «5 n«y -so be .dvan«g«.»s.y »C»W 

^fiL<se.r«25). such chamber may employ .xygcn-richplasn^su, 
"Z^^r.^«.. .vaHe.yorsubs„a.e^r««bo.i.„»>«^^^^ 
be usi u, ap,«pHa» con*inaUo.s i«.uding 0.e U.us«.«d fran». fo*s and 

"^A^n^^ofemboainKn^ofd-prescmiuvendonhavebcendcscr^^^ 

1^1. spirt. scop, of ioven^™.. V.HOUS oO^r «^ of^^ 
1,^1. .... d>- involved in p,.o««UK>^c «chni,ues. n^ay be con.b.«d 
25 i«osys«»iso«>er*»n*««=P«=«^''*°^ 
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WHAT IS CLAIMED IS: 

1 . An apparatus for performing a process on a substrate, comprising: 

a conveyor to support the substrate along a work flow path; 
S a substrate transfer mechanism configured and arranged to remove 

the substrate firom and place another substrate on said conveyor; and 

at least one processing idand located along said flow path« each 
processing island having a valve for introduction and extraction of the 
substrate into and out of an interior thereof. 

10 

2. The q^paratus of claim 1, wherein said processing island is an inspection 
station for inflection of the substrate. 

3. The sqqsaratus of ckum 1, wherein each processing island includes a load 
IS lock chamber and a processing chamber. 

4. The s^paratus of claim 3, wherein said load lock chamber is a heating or 
cooling or headng/cooling chamber. 

20 5. The iq[>paratus of claim 3, wherein said processing chamber includes one or 
more chambers configured to perform at least one of a CVD process, a PECVD 
process, an etching process, a cleaning process, a desctmnming process, a PVD 
process, a post-anneal process, or a combination thereof. 

25 6. The apparatus of chum 3, wherein each processing island includes two or 
three processing chambers. 

7. The apparatus of claim 1, wherein said conveyor includes a plurality of 
substrate holding elements. 

30 

8. The iqjparatus of claim 1, further including at least one substrate stacker to 
hold substrates prior to or after processing. 
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9 The appamus of claim I. whoein said substrate uansfermcd^^ 
includes an end effector for supponing the substn^te, a hoHzonta, linear actuator f6r 
rLtaHy translating the end effector, and a vertical linear act^r for ven^cally 
translating the end effector. 



10. 



The apparatus of claim 9. v*erein the end effector is fork-shaped. 



10 



„ Theapp3musofcUdm9.«h«tas»d»bs««u-»f«m«h»Umf,mher 

n„v«b... *om a POsi«on di«c.., below *e s«bs««. «. -id «»vc» v*cn *c 
^ is in . s»pp«. posMon .diacen. said p™c«sing isUnd. «, . 
..gaging d« »bstt«c. -rf n-" P"^"™ """^ ^ 

15 ixsidoMd above ihe conveyor. 

,3 •n«.pp,««sofctaiml.»he»n«chprocessingislandi,Kludes«.c«r, 
load lock chamber. . proc«sing cban,b« and an exit load lode chamber. 

,0 14 j^m^^-^'^^^-'^'^"^'^'^'^''' 

heating chamber «»i s»d k»d lode chan*« is . cooBng d-mber. 

,5 A..ppar,«.forperf«nm«.*inram,»oc.sso..subs««.c.».p^^ 
a conveyor f« ^PPordng a ~ as U mo«s al«, . «ow p«h. 

j5 ,phnalityof|»ocessingista»is.eadiincl«dfag: 

an exterior, 
an interior, and 

at least one valve for exchange of the substrate between the 
exterior and the interior; and 

. »*sw«e exd»ng. .pp.ra.us conf,g»«d and ananged » remeve 
subsua^ fh»n conveyor. U-roduce *e subs-ra^ i«. *e in«n« of a 
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selected processing island, extract the substrate from the interior of the 
selected piocessing island, and replace the substrate on the conveyor. 

16. The apparatus of claim 15, herein each one of said plurality of processing 
S islands includes: 

a first load lock chamber having a flrst valve for introduction of the 
substrate therein; 

a processing chamber in communication with said first load lock 
chamber; and 

10 a second load lock chamber in communication with said processing 

chamber and having a second valve for extraction of the substrate 
therefrom. 

17. The apparatus of claim 16, wherein said first load lock chamber is a heating 
IS chamber and said second load lock chamber is a cooling chamber. 

18. The apparatus of claim 15, wherein the substrate exchange apparatus 
includes: 

a first robot for retrieving the substrate from the conveyor and 
20 introducing the substrate into the interior of the selected processing island; 

and 

a second robot for extracting the substrate from the interior of the 
selected processing island and positioning the substrate on the conveyor. 

25 19. The apparatus of claim 15, wherein the substtate exchange apparatus 
includes: 

a loader having an end effector for retrieving the substrate from the 
conveyor and introducing the substrate into the interior of the selected 
processing island; and 
30 an imloader having an end effector for extracting the substrate from 

the interi r of the selected processing island and positioning the substrate on 
the conveyor. 
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2,. Thcq.par«as.f*iml5.v<««taflKflowpa*is.con.m«o»sl«^^ 

5 22 The of <^ ° 

Mividaal holding doncMs. «»* for hoktoe • 

23 Thc3pp.r.«.ofcldm22.«h««.««pJ«hben««P-j«-mi»*^^^ 

Holding P«* ^ ^"""^ " " 

10 substantially imifonn. 

24 Th..ppa«««ofclaim23.v*=«.nd«pi«hb««~n«li«»mindi«^ 
each of said plurality of processing islands. 



15 



,5 The ..^ of cl-n. 23. »he™nO«pi.ch between adjaccmindivid-.. 

• Linge.e„rUs*««i-.y.^»««P'«'>'>'«— ^""'^'^^ 
least one of said ptaraliiy of processing islands. 

,0 ^6 Tbe.pp««n.ofcl«m22.'*«>»e.o>.l«Mi»8el™-««f'>™«'-» 

.1 « aihctiate and the substrate exchange 

nallet configured to centrally support a subsiratcanou 

:Z..i^.ndes-,e.s.».efia.nefors„«.«.i.«-suhs.n«ea^^^ 

ILo, the feme conHg«ed to b. nK«ed fion, a ^-"""^ "^^^f " '° 
Zc^ p»iUon above the pallet for .c,«*.g subs«e froo. the pallet, the 

^change of the siAstrate between the pdle. ».d the ft«ne. 

,7 The of 22. wherein each holding element a 

'st^cture with a firs, substrate holding moiety fonning a top of the C-shaped 
30 structure. 
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28- An apparatus for performing thin film processing n substrates, comprising: 
at least one processing islands, each processing island having: 
an exterior, 
an interior, and 

5 sA least one valve for exchange of a selected one of the 

substrates between the exterior and the interior; 
a substrate delivery and removal system; and 
a substrate exchange apparatus for retrieving the selected one of the 
substrates from the substrate delivery and removal ^stem, introducing the 
10 selected one of the substrates into the interior of a processing island, 

extracting the selected one of the substrates from the processing island, and 
returning the selected one of the substrates to the delivery and removal 
^stem; 

\vherein the substrate exchange apparatus is moveable bet^veen a fust 
IS position for retrieving the selected one of the substrates from the deliveiy 

and removal ^stem, and a second position for returning the selected one of 
the subsuates to the delivery and removal system. 

29. The apparatus of claim 28, wherein said proces^ng island is an inspection 
20 station for inspection of the selected one of the substrates. 

30. The apparatus of claim 28, further comprising a track extending between at 
least the first position and a second position for returning the selected one of the 
substrates to the deliveiy and rmioval system, the track passing adjacent to each of 

25 said processing islands, the substrate exchange apparatus moveable along the track 
between tfie first portion and the second position. 

31. The apparatus of claim 30, wherein the track has a first terminus at the first 
position and a second temiinus at the second position. 

30 

32. The I4)paratus f claim 30, wherein the track has a first side and a second 
side, and the processing islands lie al ng the first and second sides f the track. 
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33. The appannus of claim 28. v^rcin the substrate delivery and removal 

system includes: \ 

a plurality of cassettes each to hold a plurality of substrates, and 
a cassette loading system for positioning the substrates to be 

5 retrieved by the substrate exchange apparatus. 

34 The apparatus of claim 28. vAierein the subsU^te delivery and removal 
system includes a conveyor for supporting the selected ones of substrates along a 
flow path, the conveyor having a plurality of substrate holding elements. 

35. The apparatus of claim 28. wherein each of said pltirality of proc^ 

islands includes: , . j .• 

a f^st load lock chamber having a first valve for mtroducuon of the 

selected one of the substrates therein; and 
at least one processing chamber; 

«te«„ for each p«M:««nE fetad, said «d»ngc apparrtus 

„„y be n^^l «. at 1«« «« «chaage pc«.ion. including an in^«.on 
position for inuoducing a« sete«ed one of subs«a«s into *e load 
lock chamber. 

36. Theapparatusofclaim35.whereinsaidprocessingchamberinc.^^^^^^^^^^ 
.ore chambers configured to perfomt at least one of a CVD process, a PECVD 
process, an etching process, a cleaning process, a descumming process, a PVD 
process, a post-amieal process, or a combination thereof. 

37 The apparatus of claim 35. wherein the substrate exchange apparatus is 
moveable along the track to a service posiuon wherein the substrate exchange 
apparatus is accessible for maintenance or replacement, which serv.ce pos.t.on . 
located beyond aU of said at least one exchange positions. 

38. An apparatus for performing thin film processing on substrates, comprising: 
a substrate delivery and removal system; 
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a processing island having: 

a first 1 ad lock chamber having a first valve for 
introduction of substrates into the first load lock chamber; 
at least one proces^ng chamber; and 
S a second load lock chamber having a second valve for 

extraction of substrates from the second load lock chamber 
a substrate exchange apparatus for retrieving substrates from the 
delivery and removal system, introducing substrates into the first load lock 
chamber, extracting substrates from the second load lock chamber, and 
10 returning substrates to the delivery and removal system, the substrate 

exchange apparatus moveable between: 

a first position for retrieving substrates from the deliver>' and 
removal system; 

an introduction portion, remote of the first position, for 
IS introducing substrates into the interior of the first load lock chamber; 

and 

an extraction position, remote of said first position and said 
introduction position, for extracting substrates from the second load 
lock chamber. 



20 



39. The apparatus of claim 38, further comprising a track extending among at 
least the first position, the introduction position and the extraction position, and 
passing adjacent to said processing island, the substrate exchange apparatus 
moveable along the track. 



25 



40. An apparatus for performing thin film |»nocessing on substrates, comprising: 
first and second conveyors for supporting substrates as they move in 
respective first and second flow paths; 

a plurality of processing islands associated with the first and second 
30 flow paths and each |H^ocessing island including: 

an exterior, 
an interior, and 



<soocoe ^wo_jBoifl0aaAtj^ 



PCTAJS98/2i386'" 

WO 99/18603 

30 

at least one valve for exchange of substrates between the 
exterior and the interior, 

an apparatus associated with each processing island for retrieving 
substrates from the conveyor, introducing substrates to the interior of the 
i processing island, extracting substrates from the processing island, and 

transferring substrates to the conveyor; and 

at least one bypass robot for acquiring substrates from a first location 
along the first flow path and transfeiring substrates to a second location 
along the second flow path. 



10 



41. 



42. 
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The apparatus of claim 40. wherein the bypass robot includes: 
an end effector for engaging substrates; 
a first actuator for verucally uanslating the end effector; 
a second actuator for rotating the end effector about a vertical axis; 



IS and 



a third actuator for horizontally translating the end effector. 



An apparatus for performing thin film processing on substrates, comprising: 
a plurality of processing islands, each processing island includmg: 
an cxlcrior. 
an interior, and 

at least one valve for exchange of a selected one of the 
substrates between the exterior and the interior; 
a substrate delivery and removal system; 

a substrate exchange apparatus for retrieving the substrates from the 
substrate delivery and removal system, introducing the substrates into the 
interior of a processing island, extracting the substrates fn>m the processing 
island, and returning the selected one of the substrates to the delivery and 

removal system; and 

at least one substrate buffer chamber to store the substrates pnor to 

or after processing. 
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43. An apparatus for performing thin film processing on substrates, comprising: 

a plurality of processing islands* each processing island including: 
an exterior, 
an interior, and 

S at least one valve for exchange substrates between the 

exterior and the interior; 

a substrate deliveiy and removal system including a track passing 
adjacent to each of said processing islands; 

a substrate exchange apparatus for retrieving substrates from the 

10 substrate delivery and removal system, introducing substrates into the 

interior of a processing island, extracting substrates from the processing 
island, and returning substrates to the delivery and removal system, the 
substrate exchange apparatus moveable along the track, and wherein the 
track includes at least two modular tracks with conjimctible interfaces, such 

15 that the track may be configured or extended by combimi^ a plurality of 

said modular tracks. 

44. An apparatus for performing a process on a substrate, comprising: 

a conveyor for supporting a substrate as it moves along a flow path; 

20 a plurality of processing islands located adjacent to said flow path, 

each processing island including a load lock heating chamber through which 
a substrate may be introduced into said processing island and in which a 
substrate can be heated, a processing chamber in which a process may be 
performed on the substrate after it is heated, and a load lock cooling 

25 chamber in which the substrate may be cooled after it has been subjected to 

the process in said processing chamber; and 

a substrate transfer mechanism configured and arranged to transfer 
the substrate between said conveyor and selected ones of said processing 
islands. 



30 



45. An apparatus for performing a process on a number of substrates, 
comprising: 
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a conveyor to support the number of substraies along a vvork now 

a pluraUty of substrate tnuisfer mechanisms configured and ammged 
,o remove the subs^ies fh,m and place the substmtes on said conveyor; an^ 

a plurality of processing islands located along said flow path, at least 
one of said plurality of processing islands having at least two chambers and 
farther having a valve for introduction and extraction of one of the number 
of substrates into and out of an interior thereof, and ^ that the pitch 
between adjacent substrates on the conveyor and the pitch between adjacent 
chambers in said at least one processing island is substantially uniform. 

46 A method for processing a plurality of substrates, comprising the steps of : 

(a) positioning one of a plurality of substrates onto a conveyor, 

(b) moving the substrate on said conveyor to a position adjacent a 
processing island having a first load lock and a second load lock; 

(c) removing the substrate from the conveyor, 

(d) introducing the substrate into the first load lock; 

(e) moving the substrate from the first load lock into a processmg 

chamber; 

(f) processing the substrate in said processing chamber, 
(o) moving the substrate into the second load lock; 

(h) extracting the substrate from the second load lock and placmg n 

on said conveyor, and 

(0 during U« Un« of s^ps (.Mh). P«-oni.8 

25 substrate onto said conveyor. 



15 



20 



wo 99/18603 



1 / 13 



PCT/US98/21386 




FIG,^1 (PRIOR ART) 



4Stx3cta 4WO_e8i8eoaAi_L> 



SUBSTITUTE SHEET (RULE 26) 



WO99A18603 



PCT/US98/21386 




oocto ^wo_«ieeoaAij.> 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 99/18603 



PCT/US98/21386 



510 




1 4/13 



501 



503 



505 



FIG..4 



520 




522 



FIG.-S 




532 



530 



534 



540-^536-^ ^538 

V ^ ^ 



FIG.-7 



r533 




523 



-535 




537 



531 



517"^ 519-^ ^521 

FIG..6 

SUBSTITUTE SHEET (RULE 26) 



525-^ 527-^ ^529 

FIGS 



OOCIO <WQ _ 9Pie60aAl J,> 



wo 99/18603 



PCT/US98/21386 



121 



5/13 
120 



r 



123 



125 



LOAD 




LOAD 


LOCK 


PROCESS 


LOCK 


HEAT 


CHAMBER 


COOL 


CHAMBER 




CHAMBER 




128A 



'127 



1-1298 
^1288 

V-i2r 



r 



131 



FIG..9 



163, 1S6 




IN 



r o 



158^ 
166- 

129A 
160-^' 




> FIG.. 12 



FIG.. 13 



4SOOCtO: <WO_]BOieOOaAlJ.> 

isoocio: <wo_.9©ieeoaAij_> 



SUBSnniTE SHEET (RULE 26) 



wo 99/18603 PCT/US9MI386 




'tsoocay -*wo_«oib603Aul> 
iSOOCID: ^wo_9ei8eoaAi j„> 



SUBSTITUTE SHEET (RULE 26) 



WO99/1M03 



7/13 



PCT/US98/2I386 









1 


i ■ 


1 



FIG..11 



ISM 





SUBSTITUTE SHEET (RULE 26) 



wo 99/18603 




164 
-160 




162 



129A 
127 



168 



J ^168 



FIG..16 



PCT/US98«I386 



8/13 



158^^ 

r r — TZ 



156 



FIG..17< 




129A 
127 



r 



121 



LOAD 
LOCK 



123A 



PROCESS 
CHAMBER 
#1 



123B 



r 



125 



PROCESS 
CHAMBER 
»2 



LOAD 
LOCK 




SUBSTmiTE SHEET (RULE 26) 

MOO: <WO^W180aaA1J.> 

oocio- -<wo_eei8eoaAij_> 




SOOCIO: «WO_99iaS0M1 J.> 
SDOCny. <WO_991860aA1J. > 



SUBSTITUTE SHEET (RULE 26) 



wo 99/18603 



10/13 



121 



LOAD 
LOCK 
HEAT 
CHAMBER 



PROCESS 
CHAMBER 
«2 . 



-123D 



PROCESS 
CHAMBER 
#1 



120' 



-1230 



TRANSFER 
CHAMBER 



125 



LOAD 
LOCK 
COOL 
CHAMBER 



^122 



i 



FIG.-20 



PCTA)S98/21386 



r 



131 



170 



















\301 


301 <^ 




179 A 


1 
1 


1 











127 




129A' 




180 



FIG..21 



FIG..22 



XJOtOc '^«MO_90iee08A1J_> 



SUBSTITUTE SHEET (RULE 26) 



WO99/IM03 PCT/US98A21386 



11/13 




isoooD: <«wo_9oieeoaAij_> 



SUBSTITUTE SHST (RULE 26) 



wo 99/18603 



12/13 



l*GTA)S98ai386 



.320 





330A 



330B 



330C 



3300 



330G- 



326 

330E 
330F 



iffSg! igSgl 

= _ . J 

B1 n a r~^a"» r«r~~ia'' rH~~n'' ^ 



IB 



mi LusdSi lib^i iSSi 



1 'jrrg; LcrrB^ 



.H "fi; riff—r . riff ^ m; . -tbt. 



FIG..24 



ooas>. <wo_9oia6GaAij.> 



SUBSTITUTE SHEET (RULE 26) 



wo 99/18603 



PCT/US98/2I386 



13/13 




^tsoocto: <wo_eoieeoaAi.i_> 



SUBSnniTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



PCT/US 98/21386 



A,coo«^>logtolnumaa>nal P«tKCtoa««lc««on(IPCloc»obo<M 



IcaKanandJPC 



8. FCLOSSEAWCHED 

IPC 6 HOIL 



Y 
A 



CRaUon «f dooumML wUi 



«lw»a«prapiuH.oi«w 



US 5 536 128 A (SHIHOYASHIRO ET AL.) 
16 July 1996 



see abstract; figures 1-4.42.52-55 

see column 8, line 15 - column 9. line 44 

see column 20, line 1-5 

see column 30, line 62 - column 32, line 

16 



1,2.7.8. 

12,15. 

21.22. 

28.29. 

33,34 



FurtlMrdocunMfttaraMtaintlw conOraMfiMiclboxC. 



38,43,44 

3.5.6,9. 

11.13. 

16.18. 

19. 

30-32. 
35.36. 
39.40. 
42.45.46 



• SpMtti catogoflM «r elod doeimMto : 

-A* document <lefWnQihtfl«iwtf*W# aim* aiivMchtonot 
comM»f«d to IM of fMuttoutar folwmnoft 



orpftoiliydMandfiotfeioofMiMlhllM «PP>p!^biil 



MuterdocumwtbUfWblshodonoraR^rltw i 

-L- <Jocum*rtwhkhfii«ylf«m doubts 

cllatlonorotiwripMialriaMCiCM tpodRMl^ 
Xy documw«ml«frtnolo«n««idtaelo»urt.uM. •xhWBonor 



laif manth#pf torihfdal»cliifan>d 
Ogl« of llw actual oofnpMliM oC IM MMiM^^ 

12 February 1999 

Nam MMliMHnQdddnMof ttwiSA 

NL-SaaOHVRIiswfk 
Tot 1431-70) 34<«04a 1^31 6S1 aport. 
Fax (431-70) 340-3016 

f«mPCT/tSAglO( — oond di — HUiyl9a2> 



-V* <teamM«aiD«rtioiJtar««l«vanM:th«cialmod «w«nKlon 
SggjSaSSSlnadwi^ 

inMta.cuChoofi*infltionlMtaBOMMiftlo« p«wm«WM 
lnllw«ii 

■a* documii<iiit< wbafof»»Mm»pirt»<«temly 

23/02/1999 



Oberle, T 



page 



1 of 2 



4SOO0U>. 4WO..jB0ia0O3A1 J.> 



1 





INTERNATIONAL SEARUi tUM^utci 


M tton^ AppncaUoci No 

PCT/US 98/21386 


C^ConUnuMkMi) OOCUMENIS CONSIDERED TO BE RaCVANT 








\olovsnt to ctaim No. 


X 


EP 0 756 316 A (HITACHI. LTD.) 
29 January 1997 




1-3. s-9. 
11.13. 
15.22. 
28-34 , 
40.46 


Y 

A 
§K 


see abstract; figures 3,5,6 

see column 8. line 42 - colunn 10, line 19 




38 

16,18. 
19. 

35-37. 
39.42-45 


X 


EP 0 359 525 A (FUJITSU LIHITED) 
21 March 1990 




1.2.8. 
15.28. 
29.34.42 


A 


see abstract; figures 2,3.7A.10 




3.4.9. 

11. l£. 

18.19. 
30.31. 
33.36. 
38.40. 
43-46 


Y ' 
A 


US 3 976 330 A (6ABINSKI ET AL. ) 
24 August 1976 

see column 3, line 64-68; figure 1 




HO 

1.15,28. 

38.40, 

42.44-46 


Y 


EP 0 684 630 A (APPLIED MATERIALS. INC) 

29 November 1995 

see abstract; figure 1 

see column 5, line 16-24 




44 


A 


EP 0 608 633 A (APPLIED MATERIALS INC.) 

3 August 1994 

see page 7, line 39 




44 



age Z of 2 



30000: «<WO._«01880aA1J_> 



JNTERNATIONAL SEARCH REPORT 

Momiatton qq p«t*nl family m«mbttrt 



PCT/US 98/21386 



1 Patent document 
1 ^ftBdinsoafchrepoft 




PubScaiion 
date 


Patent tamiy 
mambet^) 


PubSeaSon. 
d«a 


US 5S36128 


A 




JP 
KR 


2117512 A 
9410627 B 


02-05-1990 
24-10-1994 


EP 0756316 

1 ^ 


A 


29-01-1997 


JP 

SG 
US 


9036198 A 
52824 A 
5855726 A 


07-02-1997 
28-09-1998 
05-01-1999 



EP 0359525 A 21-03-1990 



JP 
JP 
JP 
JP 
DE 
OE 
US 



3034441 A 
2061584 C 
2078243 A 
7101706 B 
68921273 D 
68921273 T 
5024570 A 



14-02-1991 
10-06-1996 
19-03-1990 
01-11-1995 
30-03-1995 
22-06-1995 
18-06-1991 



US 3976330 A 24-08-1976 



BR 
CA 
DE 
FR 
GB 
JP 
JP 
JP 



7606592 
1049158 
2644055 
2345373 
1555673 
976975 
52044177 



54010829 B 



05- 07- 

20- 02- 
14-04- 

21- 10- 
14-11- 
29-11- 

06- 04- 
10-05- 



1977 
1979 
1977 
1977 
1979 
1979 
1977 
■1979 



EP 0684630 A 29-11-1995 



DE 
DE 
EP 
JP 
JP 
US 



69028440 
69028440 
0398365 
3019252 
7093348 6 
5186718 A 



D 
T 
A 
A 



17-10-1996 
20-02-1997 
22-11-1990 
28-01-1991 
09-10-1995 
16-02-1993 



EP 0608633 A 03-08-1994 



JP 



6283430 A 



07-10-1994 



FMni PCmSASM (pMM Mr m«« {My 1MQ 



SOCIO «WCL_JR»MaaM1_l_> 

nocio: ^iKL_seiaaeaAij_> 




f^isoocto: <wo_fi9i8eaaAtn_> 



SUBSTITUTE SHm* (RULE 28) 




SUBSTmire SHEET (fWLE 2S> 




iSOOCOk <WO_9918epaAlTL> 



SUBSTITUTE SHEET (RULE 



Si2 



I 4/13 



510 




505 



S20 





515-^ 513- 



Sit 




53&^ 


•< — 




— 











530 



■534 




533 



FIG..6 



523 



-535 




525-^527-^ ^529 



537 



531 



SUBSTTTUTE SHEET (RULE 2B) 



SOOCD: .<IMO_WiaS03A1TI_> 



121 



r 



5/13 
120 



123 



125 



LOAD 




LOAD 


LOCK 


PROCESS 


LOCK 


HEAT 


CHAMBER 


COOL 


CHAMBER 




CHAMBER 




hISSA 



"127 




12QB 



-12T 



131 



V 

F/G.-9 




ie$- 




> FIG.. 12 



FIG.. 13 



iSOOaO: 4iWO_9»16e03AlTI.> 



SUBSTITUTE SHEET (RULE 26) 




MOD: .<!WO_90ie«»AlTC> 



SUBSrmiTE eHCET (RULE Zfi) 



7/13 







mm mm m ^ 




1 


i — 


• 


1 



FiG..11 



14SA 



FIG.^ 14 




142A 



0 



r 



j:1 



127 



129A 



142A 



SUBSTITUTE SHSET (PULE 




121 ^123A ^J23B ^12S 



LOAD 
LOCK 


PROCESS 
CHAMBER 
#1 


PROCESS 
CHAMBER 


LOAD 
LOCK 




i 


1 120'"^ 


if 


-3 



131 



FIG^ 18 



.'fi00ip-<WO^MIMMAt.i.> 
fCXXm .d«O_«t8e03A1TI_> 



SUBSTITUTE SHEET {RULE 26) 



W099/IMD5 



9/13 




WOW1W03 



1^1 



LOAD 
LOCK 
HEAT 
CHAMBER 



10713 

PROCESS 
CHAMBER 
#2 . 



PROCESS 
CHAMBER 
«1 ^ 



123D 



TRANSFER 
CHAMBER 



LOAD 
LOCK 
COOL 
CHAMBER 




i 



131 




XX9CI0: .<WO_99ie«aAlTI_> 



SUBSTTTUTE SHEET (RUlX 2B) 



wo 99/18(03 



PCT/DS98AI3S6 



11/13 




NSOOCIO: <wo_99ieeoaAiTi.> 



SUBSTITUTE SHEET (RULE 28) 



W0 99/llMin 



12/13 




SUS&TrrUTE SHSCT (BULE 28) 



13/13 




V ^ — mu MB Ei P m HID 

§ >-iaaaaDaaaaDaaa i 



CM 



SUBSTmnE SII^<miLE26) 




THIS PAGE puHIC iim&i 



